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Abstract. 
Sequential infiltration synthesis (SIS) consists in a controlled sequence of metal organic 
precursors and co-reactant vapor exposure cycles of polymer films. Two aspects characterize a 
SIS process: precursor molecule diffusion within the polymer matrix and precursor molecule 
entrapment into polymer films via chemical reaction. In this paper, we investigated SIS process 
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for the alumina synthesis using trimethylaluminum (TMA) and H2O in thin films of 
poly(styrene-random-methyl methacrylate) (P(S-r-MMA)) with variable MMA content. The 
amount of alumina grown in the P(S-r-MMA) films linearly depends on MMA content. A 
relatively low concentration of MMA in the copolymer matrix is enough to guarantee the 
volumetric growth of alumina in the polymer film. In pure polystyrene, metal oxide seeds grow 
in the sub-surface region of the film. In-situ dynamic spectroscopic ellipsometry (SE) analyses 
provide quantitative information about TMA diffusivity in pristine P(S-r-MMA) matrices as a 
function of MMA fraction, allowing further insight into the process kinetics as a function of the 
density of reactive sites in the polymer film. This work improves the understanding of 
infiltration synthesis mechanism and provides a practical approach to potentially expand the 
library of polymers that can be effectively infiltrated by introducing reactive sites in the polymer 
chain. 
 
1. Introduction 
Sequential infiltration synthesis (SIS) belongs to a family of vapor phase infiltration 
techniques and it is derived from atomic layer deposition (ALD) on polymers[1]. In SIS, the 
vapor precursor pulses are alternated by an exposure time orders of magnitude larger than that 
in ALD. This longer exposure allows the precursors to diffuse into the polymer substrates rather 
than simply decorating the surface[2–4]. SIS allows transforming polymers into organic-
inorganic hybrid materials: penetration and reaction of gaseous metal precursors into polymer, 
during SIS, permit to grow inorganic materials into polymeric films[5] in order to tune some of 
their features as their optical properties or improve their chemical etch resistance[6–9]. 
The SIS process is characterized by two factors: diffusion and entrapment of precursor 
molecules into the polymer matrix. The most direct method to promote their entrapment is the 
chemical reaction of penetrant molecules with polymer functional groups in combination with 
a secondary precursor (co-reactant)[4]. Thus, the number of reactive sites within the polymer 
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film plays an important role in the determination of the amount of inorganic material grown in 
the film during the process. Moreover, differently from ALD, the self-terminating reactions are 
not restricted to the surface sites. Precursor molecules must diffuse into the polymeric film to 
reach the reactive sites that are distributed in the volume of the polymeric matrix. Consequently, 
diffusion plays a fundamental part in the kinetics of the infiltration process and needs to be 
monitored in real time. The most used in-situ techniques for investigating the infiltration 
mechanism are in-situ quartz crystal microbalance (QCM) measurements and in-situ Fourier 
Transform Infrared (FTIR) spectroscopy[10–13]. In-situ dynamic spectroscopic ellipsometry (SE) 
was recently validated as a valuable tool for real time investigation of the infiltration process in 
PMMA and PS homopolymers[14]. In-situ SE is a non-invasive optical technique frequently 
used in combination with ALD processes[15–17] and for studies of polymer films under several 
conditions[18–20]. During SIS process, in-situ SE allows continuous acquisition of information 
about changes of thickness and refractive index (n) of polymer films without interrupting the 
process itself on a shorter time scale than in-situ FTIR spectroscopic analysis and without the 
need of ad hoc samples as for QCM measurements. 
When SIS is performed into self-assembled block copolymers (BCP)[21], the selective binding 
of precursors to one domain only of BCPs offers the possibility to fabricate inorganic functional 
nano-architectures[22] or hard masks for lithography[23]. Removing polymers by O2 plasma after 
infiltration yields inorganic nanostructures reproducing the selected polymer domain[2,3,6,7,24–30].  
Various gas phase and liquid phase processes have been utilized to synthetize patterned 
nanomaterials using BCPs as scaffolds[31,32]. SIS overtakes these approaches in terms of 
reproducibility and possibility to up scaling. In fact, the high control of reaction during a SIS 
process permits to reproduce the morphology of the BCP template, finely tuning the dimension 
of the generated nanofeatures without changing the domain size of BCPs[3]. Infiltration of 
trimethylaluminum (TMA) in combination with H2O for the synthesis of Al2O3 into 
polystyrene-block-poly(methyl methacrylate) (PS-b-PMMA) films is the most studied SIS 
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process[25,30]. TMA has a high reactivity at low temperature and interacts selectively with the 
carbonyl groups in the MMA units[3,25,33]. PS-b-PMMA thin films in combination with SIS have 
been used to fabricate inorganic Al2O3 nanostructures used as hard mask for pattern transfer[34–
36].  
In this respect, dots and stripes, two basic elements of lithographic patterns, can be obtained 
from BCP thin films[37–40] featuring cylinders and lamellae perpendicularly oriented with 
respect to the substrate[41]. Thus, the control of the domain orientation represents an essential 
key for the technological application of these materials in lithographic processes. In order to 
obtain perpendicular orientation, non-preferential interactions are necessary between 
polymer/substrate and polymer/air interfaces[22]. The most common strategy to achieve 
substrate neutrality involves the introduction of a brush layer of hydroxyl-terminated random 
copolymer (RCP)[42] with tailored composition[43]. P(S-r-MMA) RCPs are typically used to 
induce perpendicular orientation of phase separated PS-b-PMMA BCP thin films[43–48]. It is 
important to note that, during a SIS process in perpendicularly oriented PS-b-PMMA BCP thin 
films, the underlying P(S-r-MMA) brush layer is infiltrated too, creating a continuous alumina 
layer on the SiO2 layer of silicon substrate. Consequently, in order to optimize infiltrated BCP 
nanoarchitectures for lithographic use, an in-depth study of the infiltration mechanism in RCPs 
films is mandatory. Moreover, from a general point of view, to the best of our knowledge, no 
data are available in the literature about the kinetics of the SIS process as a function of the 
density of reactive sites in the polymer matrix. More detailed information about the intrinsic 
correlation between the growth of Al2O3 and the density of reactive sites in the polymer could 
help to unveil the fundamental mechanism governing the SIS process, providing the possibility 
to increase our growth capability and expand its technological applicability. 
In this work, we investigated the infiltration process of TMA and H2O in P(S-r-MMA) films 
with a variable MMA unit content ranging from 12% to 77%, using ex-situ SE and in-situ 
dynamic SE. By ex-situ SE, we analyzed alumina layer growth in P(S-r-MMA) RCP films upon 
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removing the polymer matrix. We explored how the variation of MMA unit content within the 
polymer film influences the growth of alumina. In-situ dynamic SE analyses provided 
quantitative information about TMA diffusivity in pristine P(S-r-MMA) matrices and further 
insights into the process kinetics as a function of the density of reactive sites in the polymeric 
film.  
 
2. Results 
 
2.1. Ex-situ analysis: Al2O3 grown in 10-SIS-cycles  
Figure 1(a) shows the alumina film thickness obtained at the end of 10 cycles of 
infiltration on 55 nm thick RCP, PMMA, and PS films as a function of xMMA, after the 
selective removal of the organic component by O2 plasma treatment. Al2O3 film thickness, 
measured by ex-situ SE, shows a linear relationship with the MMA unit fraction value. In 
Figure 1(b), the initial thickness of polymer films are reported, showing a limited variation 
from sample to sample. Consequently, the observed linear evolution of the Al2O3 film thickness 
exclusively depends on the film composition and is directly related to the concentration of 
reactive sites in the polymer matrix. As a matter of fact, by increasing MMA concentration in 
P(S-r-MMA), the number of reactive C=O groups in the volume of the polymer film 
progressively increases. In particular, the experimental data suggest that the diffusion of TMA 
is fast enough to completely fill the volume of the 55 nm thick P(S-r-MMA) and PMMA films 
and that the amount of Al2O3 grown into the polymeric film during the SIS process is essentially 
limited by the number of reactive sites in the system. Actually, a not negligible amount of 
alumina is present on the substrate upon removal of the PS matrix, indicating a limited but not 
negligible incorporation of Al2O3 in the PS matrix, consistently with data available in the 
literature[1,49–51]. 
Refractive index and porosity of SIS Al2O3 are reported as a function of MMA fraction in 
Figure 2. Refractive indices are extracted at a wavelength of 632.8 nm and are roughly constant 
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irrespective of xMMA. Despite some dispersion of the data, it is worth to note that the average 
value (n=1.50) of the refractive index is lower than the one of alumina grown by conventional 
ALD at 90°C, i.e. n=1.54[52,53]. The lower value of the refractive index corresponds to a lower 
density of Al2O3 films obtained by SIS compared to ALD Al2O3 and indicates that these films 
are slightly porous. The average porosity of SIS Al2O3 films is around 10%. Refractive index 
and porosity of alumina layers are independent of the MMA unit fraction. Additionally, the 
refractive index of the metal oxide film obtained by infiltration of the PS film is much lower 
than those obtained by infiltration of P(S-r-MMA) films. In this case, the resulting alumina film 
exhibits refractive index n=1.36, corresponding to a porosity of 31%. Figure 3 reports the SEM 
images of Al2O3 layers obtained from infiltration of PMMA, P(S-r-MMA) (xMMA=0.40), and 
PS after removal of the polymer matrix by O2 plasma. Actually, in case of PMMA and P(S-r-
MMA) the morphology of alumina films are comparable, showing a compact and uniform 
Al2O3 surface. Conversely, alumina grown in PS film exhibits a completely different 
morphology, in agreement to the very high porosity of the Al2O3 film determined by analysis 
of the ellipsometric data and with our previous results[14]. Interestingly, the presence of MMA 
units in the polymer chain significantly modifies the morphology of the Al2O3 film obtained by 
SIS, suggesting that the presence of MMA in the volume of the polymeric film induces a 
different initial growth mechanism of Al2O3 into the polymeric film, even for very small MMA 
concentration. In order to get more information on this specific issue, Figure 4 reports the 
evolution of Al2O3 film thickness upon 10 SIS cycles and O2 plasma treatment as a function of 
the initial thickness of the polymeric film. In particular, in Figure 4(a) Al2O3 obtained from 
SIS in PS films is compared to that obtained from PMMA films. Interestingly Al2O3 thickness 
increases linearly as a function of PMMA initial thickness, suggesting that, in the range of 
thickness we considered, alumina grows in the whole PMMA volume. Conversely, in PS films, 
the thickness of Al2O3 increases linearly when the PS film thickness is below or equal to 50 nm 
and then reaches a constant value. Thus, in PS samples, we can argue that the alumina growth 
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occurs only within the sub-surface of the polymer film with an infiltration depth of 
approximately 50 nm. This picture is perfectly consistent with previous experimental results 
reported in the literature[1,49–51]. Figure 4(b) reports the evolution of Al2O3 film thickness as a 
function of the initial thickness of the polymeric film for the P(S-r-MMA) RCPs with different 
MMA content. Similarly to PMMA case, alumina film thickness increases linearly as a function 
of the polymer initial thickness.  
In Figure 4(c), the ratio between alumina thickness grown in 10 SIS cycles and polymer film 
initial thickness (h0) is plotted as a function of xMMA. It increases linearly with the MMA 
percentage. This result suggests that the amount of TMA that reacts in the volume of the 
polymer film is proportional to the amount of MMA in the film itself. The slope of the linear 
fit obtained for low PS initial thickness is clearly out of trend.  
 
2.2. In-situ analysis: the first SIS cycle 
By means of in-situ SE analysis it is possible to measure thickness variation of the polymeric 
film during the SIS process in real time and to obtain information about TMA diffusion kinetics 
during the infiltration process[14]. Analysis of ex-situ data indicates that the amount of Al2O3 
that is grown per unit volume in a P(S-r-MMA) matrix is independent of the thickness of the 
polymer film for each specific MMA fraction. Consequently, in following paragraphs, in-situ 
measurements will focus on the 55 nm and 100 nm thick samples to increase the accuracy of 
the measurements without any loss of generality, consistently with data reported in our previous 
publication[14].  
Figure 5 shows the thickness variation of polymer films in the first SIS cycle as a 
function of time for 55 nm and 100 nm thick P(S-r-MMA) RCP films with and MMA fraction 
ranging from 12% to 77%. During the first cycle, the polymer thickness increases during TMA 
injection and decreases during the following TMA purge and H2O pulse, similarly to what 
already reported for PMMA films[14]. The amplitude of film swelling depends on the initial 
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thickness and on the percentage of MMA inside the polymeric matrix. 100 nm thick films go 
through a larger swelling than 55 nm thick films. Moreover, swelling decreases progressively 
by reducing xMMA. This result perfectly agrees with a model that links polymer thickness 
variation with the capability of the precursor to react with specific functional sites 
corresponding to C=O groups of the MMA units. In particular, the availability of more 
functional sites means more precursor molecules forming a C=O⋯Al(CH3)3 adduct. This larger 
amount of reacted precursor determines the larger thickness variation. In other words, the first 
cycle is characterized by a composition dependent thickness evolution evidencing the different 
interaction of TMA in each polymer and copolymer depending on MMA content. From a 
general point of view, we can consider TMA acting as a solvent for polymers with MMA 
reactive sites. Consequently, we expect the maximum swelling ratio to be directly proportional 
to the concentration of solvent, to the polymer-solvent interaction strength, and to the elastic 
properties of the polymer matrix.  
To investigate the kinetics of the TMA diffusion process we define the polymeric film swelling 
ߝ(ݐ) as: 
ߝ(ݐ) = ௛(௧)ି௛బ
௛బ
             (1) 
where ℎ଴ and ℎ(ݐ) are the thickness of polymer film at time t=0 and t  respectively[54,55]. Figure 
6 reports the normalized swelling ߝ(ݐ) ߝ௠௔௫⁄  as a function of  √ݐ ℎ଴⁄  for 55 and 100 nm thick 
films with different composition. ߝ௠௔௫ corresponds to the maximum swelling of the polymeric 
film during the precursor exposure. All the curves follow a linear trend for small t values, 
proving that TMA infiltration is governed by a Fickian diffusion process[56] during the initial 
stage of TMA exposure for all film composition, independently of film thickness. Starting from 
these data, it is possible to derive TMA diffusion coefficients (D) as the slope of the linear 
fitting of the swelling curves, according to the following equation[57]: 
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ߝ(ݐ)~4ߝ௠௔௫ට஽గට ௧௛బమ                                                                               (2) 
where D is an “effective” diffusion coefficient of TMA molecules in the specific matrix under 
investigation. Actually, this effective diffusion coefficient takes into account both diffusion and 
reaction kinetics of precursor molecules in the polymer. For fast reaction rates, the diffusion 
behavior can be described as Fickian, but with a reduced diffusion constant D = D0/(R+1) being 
R the ratio of immobilized precursor to freely diffusing precursor and D0 is the diffusion 
coefficient in the case of purely diffusional kinetics[4].  
Figure 7 shows the effective diffusion coefficients calculated as a function of xMMA. D 
progressively increases with xMMA for xMMA<0.56 reaching a maximum value at 
xMMA=0.56. For further increase in xMMA, we observe a progressive decrease of D. This 
decrease of the effective diffusivity value for large xMMA values can be easily rationalized in 
the framework of the effective diffusion coefficient model[4]. In more details, the increase in 
the concentration of reactive sites in the polymeric matrix implies larger R values and a 
reduction of D values, with a significant slowing down of the global kinetics of the SIS process. 
However, based on the data obtained at small xMMA, we can conclude that other parameters 
have to be taken into account in order to explain the evolution of D as a function of xMMA. 
We can argue that the diffusion of TMA in P(S-r-MMA) thin films is significantly influenced 
by the variation of free volume in the polymeric matrix. In fact, PS films are much less porous 
than PMMA films[49]. When introducing MMA units in PS matrix, the effective diffusion 
coefficient is determined by a delicate balance between the increase in diffusivity, which is 
associated to the larger free volume, and the decrease of diffusivity, that is determined by the 
increased reactivity (larger R) of the polymeric matrix. At small xMMA values, the effective 
diffusivity progressively increases with xMMA due to the larger free volume in the polymeric 
matrix. For further increase in MMA content, the reaction with C=O groups dominates and 
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slows down the TMA diffusion in the polymeric matrix, resulting in a progressive reduction of 
D as a function of xMMA, in agreement with the model described by Leng and Losego[4].  
By means of these effective diffusion coefficients, it is possible to model the evolution of the 
TMA concentration profile in the polymeric matrix as a function of time. In particular, using 
concentration profile equation for a finite plane slab, with constant concentration at the surface 
(Cs)[57], it is possible to calculate the TMA concentration profile upon 60 s of TMA exposure 
and to determine if TMA can diffuse through the entire film thickness h in the examined 
polymeric films, reaching a saturation level. The equation and related concentration profiles are 
reported in Supporting Information (Figures S1 and S2). Figure 8 reports the Ch/Cs as a function 
of xMMA for the 100 and 55 nm thick films. Ch represents the TMA concentration at the 
polymer/substrate interface after diffusion through the whole film thickness (h). Saturation 
corresponds to Ch equal to Cs. In the case of 55 nm thick films, Ch/Cs values are approximately 
equal to 1 for all the polymers irrespective of xMMA value. Conversely, in the 100 nm thick 
samples, the Ch/Cs values are well below the saturation level for all xMMA values.  
The case of PS films deserves specific considerations, since no reactive groups are present and 
low free volume is available to TMA diffusion, resulting in low diffusion and reaction into the 
polymer film. Experimental data indicate a very small thickness variation of PS films during 
the first TMA exposure, as shown in the inset of Figure 9. From these data, we estimated a 
diffusion coefficient for TMA in PS films from the slope of the linear fit of the normalized 
swelling ߝ(ݐ) ߝ௠௔௫⁄  vs   √ݐ ℎ଴⁄  (Figure 9). The corresponding D value was extrapolated to be 
4.09x10-13 cm2/s. The limited swelling that was observed in the PS films reduces the accuracy 
of the procedure. However, this value is smaller than those reported in Figure 7 and it follows 
the outlined trend of a progressive reduction of TMA diffusivity when reducing xMMA in the 
polymeric matrix. Using this diffusion coefficient, we calculated the expected TMA 
concentration finding that PS films of 100 and 55 nm were filled up to 30% and 89% 
respectively. It is interesting to notice that, according to this simple model, the 55 nm thick PS 
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film is too thick to be saturated by TMA during a 60 s long TMA exposure. This result perfectly 
matches the data reported in Figure 4, further confirming that TMA diffusion and, consequently, 
alumina growth in PS films are limited to the sub-surface region of the polymeric layer.  
During the purging step, the reactor is vacuum pumped and then crossed by 100 sccm 
N2 flow for 60 s. A significant thickness decrease is observed during the purging step of the 
first SIS cycle. Figure 10 reports the thickness variation as a function of time for the 55 nm 
thick RCP films during the purging phase. The thickness evolution as a function of time follows 
an exponential trend ݁ି௧ ఛൗ . τ is assumed to be the time constant of the de-swelling process 
associated to the out-diffusion of non-reacted TMA[14]. Actually, competing processes with 
different characteristic times occur simultaneously during the de-swelling process. In addition 
to the loss of TMA by out-diffusion, the polymer relaxation can further contribute to the 
observed decrease of the film thickness[58]. Figure11 reports the τ values as a function of MMA 
fraction into the film calculated for the 55 nm thick polymeric films. It is worth to note that PS 
de-swelling data does not properly follow an exponential decay, preventing the possibility to 
determine a proper τ value for this polymeric film. For all the other samples, τ values are 
independent of RCP composition. As reported in our previous work[14], τ values obtained by in-
situ SE are found to be much shorter than those evaluated from FTIR analysis[11,12]. Actually, τ 
values obtained monitoring C=O absorbance peak intensity variation are of the order of tens of 
minutes and they were attributed to the desorption of physisorbed TMA from the reversible 
C=O⋯Al(CH3)3 adducts that are formed during TMA exposure phase[11,12]. By in-situ dynamic 
SE the de-swelling process of the polymer is observed during the elimination of the TMA vapor 
from the chamber and purging in N2 flow. Therefore, the observed thickness evolution was 
mainly associated to the out-diffusion of non-reacted TMA molecules from PMMA films. We 
argue that the results on τ values can be related to how much the samples have been filled during 
the exposure phase.  
  
12 
 
In Figure12 we report the values of the thickness variation of 55 nm thick samples measured 
at different stages during the first cycle of the SIS process, namely at the swelling peak (h1), at 
the end of TMA purge (h2) and after H2O injection (h3). Data are reported as a function of 
xMMA. Interestingly, hi values increase linearly with xMMA. Considering that in 55 nm thick 
samples, irrespective of the diffusion coefficient, a 60 s long exposure time is sufficient to reach 
the saturation, the collected data clearly indicate that the amount of TMA trapped in the film 
during the first infiltration cycle is proportional to the number of reactive sites in the polymer 
films. Moreover, the linear evolution of h2 and h3 values as a function of xMMA suggests that 
the amount of Al2O3 in the polymeric film at the end of the cycle is directly proportional to the 
number of MMA reactive sites in the polymer matrix and not influenced by the variations of 
TMA diffusivity.  
3. Discussion 
The combination of ex-situ and in-situ analysis provides a comprehensive picture of SIS 
process in P(S-r-MMA) copolymer with MMA content ranging from 0 to 100%. As clearly 
evidenced in Fig. 1-3, alumina layers grown by SIS in 55 nm thick P(S-r-MMA) RCPs present 
a linear increase of their thickness as a function of the MMA fraction in the polymer film. 
Moreover, they exhibit the same morphology suggesting the formation of a homogenous Al2O3 
film, as in the case of the Al2O3 films grown in pure PMMA films. Conversely, if there are no 
functional MMA groups in the polymeric film, as in the case of PS films, the infiltrated Al2O3 
layer is very thin. Additionally, SEM inspection indicates a rough and porous morphology, 
suggesting a different growth mechanism in PS polymeric matrix, where the reactive sites are 
not C=O groups but defects or hydroxyl groups reached by the precursor in its short diffusion 
path. These data indicate that, in the presence of MMA units in the polymer matrix, the amount 
of Al2O3 grown during the SIS process is directly proportional to the concentration of MMA 
units in the RCP chains. This picture is perfectly consistent with previous experimental results 
  
13 
 
showing that C=O functional groups in the MMA units act as seeds for the growth of Al2O3 
during the SIS process[3,4,11–14,25]. 
This interpretation is further confirmed by the investigation of the amount of Al2O3 grown in 
the different polymeric matrices as function of their initial thickness. Interestingly, as shown in 
Fig. 4, infiltrated alumina thickness increases linearly as a function of polymer initial thickness 
for RCP and PMMA films, supporting the idea that the infiltration process occurs in the whole 
volume of the film at least for the range of thicknesses under investigation. Once again, it is 
worth noting that the behavior of PS films differs from PMMA and RCPs films, highlighting 
that the infiltration process occurs in a limited sub-surface region of the PS film.  
In-situ analysis corroborates this picture. The effective TMA diffusion coefficient in RCP and 
PMMA films clearly indicates that, during the 60 s long exposure, TMA molecules diffuse 
through the entire volume of the 55 nm thick films. Therefore, this experimental finding 
clarifies that the linear dependence of Al2O3 film thickness on the xMMA in the 55 nm thick 
films is not associated to a partial filling of the polymeric film due to a variation of TMA 
diffusion coefficient with xMMA. The combination of ex-situ and in-situ analyses undoubtedly 
demonstrates that the final amount of Al2O3 in the polymeric film is essentially determined by 
the number of functional sites in the polymeric matrix.  
In this respect, it is worth noting that the TMA diffusion coefficient we measured for the RCP 
and PMMA are fairly consistent with previous data reported in the literature for some molecules 
diffusing in a PMMA matrix[59]. A progressive scaling of the diffusivity is observed as a 
function of the size of the diffusing molecules[59]. Recent results about the infiltration in PMMA 
of TiCl4 molecules, which has similar size of TMA, reports a diffusivity of 0.7x10-12 cm2/s 
consistently with this picture[60]. Conversely, ex-situ analysis by Leng and Losego provided 
significantly different diffusion coefficients for TMA molecules in PMMA[61]. In particular, at 
90°C they reported TMA diffusion coefficients in PMMA that are two orders of magnitude 
smaller than the one we obtained. Although we cannot exclude effects associated to different 
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experimental set-up and processing conditions, we believe that they significantly 
underestimated the effective TMA diffusion coefficient and that the ex-situ analysis they 
performed does not provide a reliable protocol for an accurate measurement of the diffusion 
coefficient of precursors in a polymeric matrix during the SIS process. It is important to note 
that a 10-14 cm2/s diffusion coefficient could not account for the linear dependence of infiltrated 
Al2O3 film thickness on the initial polymeric film thickness we observed, as TMA would not 
be able to fill the entire volume of the polymeric films in the time scale we considered in our 
experiments. The data of TMA diffusivity in PS films and the level-off of the Al2O3 thickness 
for PS films (Fig. 4) thicker than 50 nm are perfectly consistent with this picture and further 
support the idea that the TMA diffusion coefficients obtained by an in-situ approach provide a 
better description of the system. It is worth to note that these data could be extremely important 
for the modeling of SIS processes with standard simulation tools, providing the capability to 
effectively predict the characteristic features of the synthetized nanostructured materials when 
performing SIS in self-assembled BCP thin films. 
Looking at the reported data from a more general perspective, we observe that the introduction 
of a very small fraction of MMA units is enough to promote the growth of alumina in the 
volume of polymer films. In fact, it is evident that even the presence of 12% of MMA causes a 
big change in the thickness and morphology of the resulting alumina films after 10 SIS cycles. 
We can argue that adding a very small fraction of MMA in a polymeric chain would make 
possible to functionalize it in order to obtain a volumetric growth of alumina by SIS in materials 
that usually do not provide evidence of efficient Al2O3 infiltration. Further study are currently 
on going to understand the minimum concentration of MMA that is necessary to achieve this 
effect.  
Furthermore, from a technological point of view, this could pave the way to the application of 
SIS process to polymers other than PMMA. Interestingly, Kamcev et al. showed that it is 
possible to chemical modify self-assembled BCP thin films by ultraviolet light enhancing the 
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block-selective affinity of organometallic precursors[26]. According to the authors, their results 
not only expand the functionality of PS-b-PMMA template but also suggest a general strategy 
for developing and identifying new BCP materials suitable for block-selective incorporation of 
a broader range of organometallic systems than currently possible. Their approach is based on 
a selective modification of the polymer structure by UV irradiation and consequently its 
application is limited by the effective capability to induce the required chemical modification 
only in the desired block, avoiding any degradation of the organic phase. Conversely, our data 
suggest the possibility to properly engineer the BCP chemical structure by introducing a small 
fraction of MMA reactive sites in one of the two blocks to promote selective growth of the 
inorganic phase in this specific block. The introduction of functional groups in one of the two 
blocks during the synthesis of the BCP offer the possibility to independently tune the properties 
of the BCP in terms of incompatibility between blocks and chemical selectivity for the SIS 
process.  In particular, we could envision the possibility to grow very small inorganic 
nanostructures in high incompatibility BCPs modifying one of the blocks and promoting the 
selective growth of the inorganic phase, but preserving the high incompatibility between the 
two blocks of BCPs and guaranteeing the phase separation of BCP on length scale smaller than 
the ones achievable with a conventional PS-b-PMMA BCP. 
 
4. Conclusion 
P(S-r-MMA) RCPs thin films with different MMA fraction and thicknesses ranging 
from 8 to 100 nm were infiltrated using SIS process based on TMA and H2O precursors. Al2O3 
layers obtained after removal of the polymer matrix by O2 plasma were analyzed by ex-situ SE. 
The morphology and the density of the metal oxide layer is the same irrespective of the MMA 
content in the polymer matrix, while the final thickness of infiltrated alumina depends on the 
MMA fraction. In-situ SE investigations allowed a real-time monitoring of the SIS process, 
highlighting that TMA diffusion constant in the polymer film slightly depends on xMMA. 
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Collected data clearly indicate that the amount of Al2O3 grown by the SIS process is essentially 
determined by the availability of reactive sites within the polymeric film.  These experimental 
results provide fundamental information about the intimate chemical-physical mechanisms 
governing the SIS process and suggest the possibility to explore chemical modifications of 
polymer chains by introduction of a small fraction of reactive sites, in order to enhance the 
reactivity of metallic precursors to the polymer matrix. From this point of view, this work 
advances our understanding of the SIS process and expand capability to control the growth of 
inorganic materials into an organic phase, providing interesting perspectives for the 
technological implementation of this process in BCP materials other than PS-b-PMMA.  
 
 
5. Experimental Section 
P(S-r-MMA) RCP synthesis. PS and PMMA homopolymers were purchased from 
Polymer Source Inc. and used without further purification. α-hydroxyl ω-Br functional 
RCPs were obtained by ARGET ATRP of styrene and methyl methacrylate initiated by 
HEBIB and catalyzed by CuBr2/Me6TREN complex in the presence of Sn(EH)2 as the 
reducing agent[62]. By varying the molar ratio between styrene and methyl methacrylate, 
and keeping all other reaction parameters constant, copolymers with different 
composition were obtained. In addition, the reactions were stopped after a yield of 
approximately 20% were reached, to avoid or at least reduce composition dispersion 
effects due to differences in reactivity ratios.  In this way, Mn comprised between 10600 
and 14800 g∙mol-1 with relatively narrow polydispersity index (Đ) are obtained.  
Table 1 summarizes the fundamental characteristics of the different homopolymers (PS and 
PMMA) and P(S-r-MMA) RCPs used in this work. Our analysis was done as a function of 
xMMA, which is defined as the ratio between the number of MMA units (NMMA) and the 
number of total monomer units constituting each P(S-r-MMA).  
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Sample preparation for SIS. Thin polymeric films ranging from 8 to 100 nm, were 
prepared by spin coating, properly adjusting the concentration of polymer-toluene solutions. 
(100) Si substrates were cleaned in Piranha solution (H2SO4/H2O2, 3/1 vol. ratio) at 80°C for 
40 min in order to enhance the surface density of hydroxyl groups, rinsed with 2-propanol in 
ultrasonic bath and N2 dried. Then, polymeric solutions were deposited and, subsequently, the 
films were thermally annealed at 250°C for 900 s in N2 atmosphere by means of a Rapid 
Thermal Process (RTP) tool in order to remove liquid toluene in spinned film[47,63,64].  
SIS process. Samples were loaded in a commercial cross flow ALD reactor (Savannah 
200, Ultratech Cambridge NanoTech.) and thermalized at 90°C for 30 min under 100 sccm N2 
flow at 0.6 Torr before starting the infiltration. The samples underwent a 10-SIS-cycle process. 
TMA and H2O were the metal precursor and the oxidant respectively. Each SIS cycle consisted 
in successive pulses of TMA and H2O, each one followed by an exposure step during which the 
system was isolated from the pumping line and samples were exposed to the precursor or 
oxidant vapor. A purging phase followed each exposure phase, during which the samples were 
exposed to 100 sccm of N2 flow. The SIS cycle was 0.025 s TMA pulse/60 s exposure/60 s 
purge, followed by 0.015 s H2O pulse/60 s exposure/180 s purge. Upon the SIS process, samples 
were exposed to O2 plasma to remove the polymer matrix, obtaining the alumina thin films on 
the substrate. 
Characterization.  Ex-situ and in-situ SE were performed using a rotating compensator 
ellipsometer equipped with Xe lamp (M-2000F, J. A. Woolam Co. Inc). For the in-situ 
investigation, the reactor lid was modified with two quartz windows to permit the incoming 
light to be sent onto the sample and the reflected beam to be detected, at 70° fixed angle with 
respect to the substrate plane normal. Ellipsometric data were collected over the wavelength 
range from 250 to 1000 nm throughout the entire SIS process. The acquisition time was of 2.5 
s. However, as polymer modifications when TMA or H2O are injected in the ALD chamber are 
very fast, the acquisition time was reduced to 1.6 s during the single first infiltration cycle in 
  
18 
 
pristine polymeric layer. EASE software package 2.3 version (J. A. Woollam Co. Inc.)[65] was 
used to analyze data and evaluate film thickness and refractive index. Ellipsometric data were 
fitted using a film stack model composed of a Cauchy layer model on 2 nm thick SiO2 on the 
silicon substrate[66]. After O2 plasma, the spectra of final alumina layers were collected by ex-
situ SE with the same ellipsometer at fixed 75° incidence angle and were analyzed with the 
same stack model. In order to take into account the porosity of the alumina film, the ex-situ SE 
data were modeled also using the Bruggeman effective medium approximation (EMA).  
Finally, the morphology of alumina layers was pictured by field emission scanning electron 
microscopy (FE-SEM, SUPRA 40, Zeiss) using an in-lens detector and an acceleration voltage 
of 15 kV. 
Supporting Information  
 
Concentration profile equation in case of an infinite plane slab and constant concentration at 
the surface and related concentration profiles. Fig. S1 and Fig. S2 report concentration profiles 
of TMA diffusivity in P(S-r-MMA) RCPs during 60 s of exposure for 100 and 50 nm thick 
samples respectively. 
 
Acknowledgements 
The authors want to acknowledge Mario Alia (CNR) for technical assistance, V. Gianotti, and 
D. Antonioli (Università Del Piemonte Orientale, Italy) for RCP synthesis. This research has 
been partially supported by the project “IONS4SET” funded from the European Union’s 
Horizon 2020 research and innovation program under Grant No. 688072. 
The manuscript was written through contributions of all authors. All authors have given 
approval to the final version of the manuscript.  
 
Received: ((will be filled in by the editorial staff)) 
Revised: ((will be filled in by the editorial staff)) 
Published online: ((will be filled in by the editorial staff)) 
 
References 
[1]  G. N. Parsons, S. E. Atanasov, E. C. Dandley, C. K. Devine, B. Gong, J. S. Jur, K. Lee, 
C. J. Oldham, Q. Peng, J. C. Spagnola, P. S. Williams, Coord. Chem. Rev. 2013, 257, 
3323. 
 
[2]  Q. Peng, Y. C. Tseng, S. B. Darling, J. W. Elam, Adv. Mater. 2010, 22, 5129. 
 
[3]  Q. Peng, Y. C. Tseng, S. B. Darling, J. W. Elam, ACS Nano 2011, 5, 4600. 
 
  
19 
 
[4]  C. Z. Leng, M. D. Losego, Mater. Horizons 2017, 4, 747. 
 
[5]  Y. She, J. Lee, B. T. Diroll, T. W. Scharf, E. V Shevchenko, D. Berman, 
Nanotechnology 2018, 29, 495703. 
 
[6]  Y. C. Tseng, Q. Peng, L. E. Ocola, D. A. Czaplewski, J. W. Elam, S. B. Darling, J. 
Mater. Chem. 2011, 21, 11722. 
 
[7]  Y.-C. Tseng, Q. Peng, L. E. Ocola, D. A. Czaplewski, J. W. Elam, S. B. Darling, J. 
Vac. Sci. Technol. B 2011, 29, 06FG01. 
 
[8]  R. Z. Waldman, D. Choudhury, D. J. Mandia, J. W. Elam, P. F. Nealey, A. B. F. 
Martinson, S. B. Darling, Jom 2018, 71, 212. 
 
[9]  C. Nam, A. Stein, K. Kisslinger, C. Nam, A. Stein, K. Kisslinger, J. Vac. Sci. Technol. 
B 2015, 33, 06F201. 
 
[10]  R. P. Padbury, J. S. Jur, J. Vac. Sci. Technol. A 2014, 32, 041602. 
 
[11]  M. Biswas, J. A. Libera, S. B. Darling, J. W. Elam, Chem. Mater. 2014, 26, 6135. 
 
[12]  M. Biswas, J. A. Libera, S. B. Darling, J. W. Elam, J. Phys. Chem. C 2015, 119, 14585. 
 
[13]  E. C. Dandley, C. D. Needham, P. S. Williams, A. H. Brozena, C. J. Oldham, G. N. 
Parsons, J. Mater. Chem. C 2014, 2, 9416. 
 
[14]  E. Cianci, D. Nazzari, G. Seguini, M. Perego, Adv. Mater. Interfaces 2018, 5, 1801016. 
 
[15]  E. Langereis, S. B. S. Heil, H. C. M. Knoops, W. Keuning, M. C. M. Van De Sanden, 
W. M. M. Kessels, J. Phys. D. Appl. Phys. 2009, 42, 073001. 
 
[16]  L. Lamagna, C. Wiemer, M. Perego, S. Spiga, D. S. Coll, M. E. Grillo, S. Klejna, S. D. 
Elliott, Chem. Mater. 2012, 24, 1080. 
 
[17]  E. Cianci, A. Molle, A. Lamperti, C. Wiemer, S. Spiga, M. Fanciulli, ACS Appl. Mater. 
Interfaces 2014, 6, 3455. 
 
[18]  W. Ogieglo, H. Wormeester, K. J. Eichhorn, M. Wessling, N. E. Benes, Prog. Polym. 
Sci. 2015, 42, 42. 
 
  
20 
 
[19]  W. Ogieglo, H. Wormeester, M. Wessling, N. E. Benes, Polymer 2013, 54, 341. 
 
[20]  A. T. Papanu, J. S. Hess, D. W. Soane (Soong), D. S. Bell, J. Appl. Polym. Sci. 1990, 
39, 803. 
 
[21]  M. Lorenzoni, L. Evangelio, M. Fernández-Regúlez, C. Nicolet, C. Navarro, F. Pérez-
Murano, J. Phys. Chem. C 2017, 121, 3078. 
 
[22]  C. Zhou, T. Segal-Peretz, M. E. Oruc, H. S. Suh, G. Wu, P. F. Nealey, Adv. Funct. 
Mater. 2017, 27, 19. 
 
[23]  Z. Wan, H. J. Lee, H. G. Kim, G. C. Jo, W. I. Park, S. W. Ryu, H. Lee, S. Kwon, Adv. 
Mater. Interfaces 2018, 5, 1800054. 
 
[24]  C. T. Danvers, E. J.; Ming, L.; Black, J. Micro/Nanolithography, MEMS, MOEMS 
2012, 11, 031306. 
 
[25]  J. Frascaroli, E. Cianci, S. Spiga, G. Seguini, M. Perego, ACS Appl. Mater. Interfaces 
2016, 8, 33933. 
 
[26]  J. Kamcev, D. S. Germack, D. Nykypanchuk, R. B. Grubbs, C. Y. Nam, C. T. Black, 
ACS Nano 2013, 7, 339. 
 
[27]   and Muruganathan Ramanathan, Yu-Chih Tseng, Katsuhiko Ariga, S. B. Darling, J. 
Mater. Chem. 2013, 1, 2080. 
 
[28]  R. Ruiz, L. Wan, J. Lille, K. C. Patel, E. Dobisz, D. E. Johnston, K. Kisslinger, C. T. 
Black, J. Vac. Sci. Technol. B 2012, 30, 06F202. 
 
[29]  T. Segal-Peretz, J. Winterstein, M. Doxastakis, A. Ramírez-Hernández, M. Biswas, J. 
Ren, H. S. Suh, S. B. Darling, J. A. Liddle, J. W. Elam, J. J. De Pablo, N. J. Zaluzec, P. 
F. Nealey, ACS Nano 2015, 9, 5333. 
 
[30]  Y. C. Tseng, Q. Peng, L. E. Ocola, J. W. Elam, S. B. Darling, J. Phys. Chem. C 2011, 
115, 17725. 
 
[31]  J. Chai, D. Wang, X. Fan, J. M. Buriak, Nat. Nanotechnol. 2007, 2, 500. 
 
[32]  B. S. Jeong, G. Xia, B. H. Kim, D. O. Shin, S. Kwon, S. Kang, S. O. Kim, Adv. Mater. 
2008, 20, 1898. 
 
  
21 
 
[33]  F. Yang, J. Brede, H. Ablat, M. Abadia, L. Zhang, C. Rogero, S. D. Elliott, M. Knez, 
Adv. Mater. Interfaces 2017, 4, 1700237. 
 
[34]  D. Marne, B. T. Chan, M. Spieser, G. Vereecke, S. Naumov, D. Vanhaeren, H. Wolf, 
A. W. Knoll, ACS Nano 2018, 12, 11152. 
 
[35]  S. Y. Tseng, J. M. Chem, Y. Tseng, Q. Peng, L. E. Ocola, D. A. Czaplewski, W. Elam, 
S. B. Darling, J. Mater. Chem. 2011, 21, 11722. 
 
[36]  J. W. Choi, Z. Li, C. T. Black, D. P. Sweat, X. Wang, P. Gopalan, Nanoscale 2016, 8, 
11595. 
 
[37]  D. F. Sunday, E. Ashley, L. Wan, K. C. Patel, R. Ruiz, R. J. Kline, J. Polym. Sci., Part 
B Polym. Phys. 2015, 53, 595. 
 
[38]  T. Yun, H. M. Jin, D. H. Kim, K. H. Han, G. G. Yang, G. Y. Lee, G. S. Lee, J. Y. Choi, 
I. D. Kim, S. O. Kim, Adv. Funct. Mater. 2018, 28, 1804508. 
 
[39]  H. M. Jin, D. Y. Park, S. J. Jeong, G. Y. Lee, J. Y. Kim, J. H. Mun, S. K. Cha, J. Lim, 
J. S. Kim, K. H. Kim, K. J. Lee, S. O. Kim, Adv. Mater. 2017, 29, 1700595. 
 
[40]  H. M. Jin, S. H. Lee, J. Y. Kim, S. W. Son, B. H. Kim, H. K. Lee, J. H. Mun, S. K. 
Cha, J. S. Kim, P. F. Nealey, K. J. Lee, S. O. Kim, ACS Nano 2016, 10, 3435. 
 
[41]  K. Koo, H. Ahn, S. W. Kim, D. Y. Ryu, T. P. Russell, Soft Matter 2013, 9, 9059. 
 
[42]  W. Ring; I. Mita; A. D. Jenkins; N. M. Bikales, Pure Appl. Chem. 1985, 57, 1427. 
 
[43]  P. Mansky, Y. Liu, E. Huang, T. P. Russell, C. Hawker, Science 1997, 275, 1458. 
 
[44]  F. Ferrarese Lupi, T. J. Giammaria, G. Seguini, M. Ceresoli, M. Perego, D. Antonioli, 
V. Gianotti, K. Sparnacci, M. Laus, J. Mater. Chem. C 2014, 2, 4909. 
 
[45]  K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, F. Ferrarese Lupi, T. J. Giammaria, 
G. Seguini, M. Perego, ACS Appl. Mater. Interfaces 2015, 7, 10944. 
 
[46]  S. Ji, C. C. Liu, J. G. Son, K. Gotrik, G. S. W. Craig, P. Gopalan, F. J. Himpsel, K. 
Char, P. F. Nealey, Macromolecules 2008, 41, 9098. 
 
[47]  K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, G. Zuccheri, F. Ferrarese Lupi, T. J. 
Giammaria, G. Seguini, M. Ceresoli, M. Perego, ACS Appl. Mater. Interfaces 2015, 7, 
  
22 
 
3920. 
 
[48]  E. Han, K. O. Stuen, M. Leolukman, C. C. Liu, P. F. Nealey, P. Gopalan, 
Macromolecules 2009, 42, 4896. 
 
[49]  C. A. Wilson, R. K. Grubbs, S. M. George, Chem. Mater. 2005, 17, 5625. 
 
[50]  C. A. Wilson, J. A. McCormick, A. S. Cavanagh, D. N. Goldstein, A. W. Weimer, S. 
M. George, Thin Solid Films 2008, 516, 6175. 
 
[51]  J. S. Jur, J. C. Spagnola, K. Lee, B. Gong, Q. Peng, G. N. Parsons, Langmuir 2010, 26, 
8239. 
 
[52]  Z. Y. Wang, R. J. Zhang, H. L. Lu, X. Chen, Y. Sun, Y. Zhang, Y. F. Wei, J. P. Xu, S. 
Y. Wang, Y. X. Zheng, L. Y. Chen, Nanoscale Res. Lett. 2015, 10, 46. 
 
[53]  M. D. Groner, F. H. Fabreguette, J. W. Elam, S. M. George, Chem. Mater. 2004, 16, 
639. 
 
[54]  M. Wessling, I. Huisman, T. v.d. Boomgaard, C. A. Smolders, J. Polym. Sci. Part B 
Polym. Phys. 1995, 33, 1371. 
 
[55]  A. R. Berens, H. B. Hopfenberg, Polymer1978, 19, 489. 
 
[56]  H. B. Berens, A. R. Hopfenberg, J. Polym. Sci. Polym. Phys. 1979, 17, 1757. 
 
[57]  J. Crank, 1975, 414. 
 
[58]  W. Ogieglo, M. Wessling, N. E. Benes, Macromolecules 2014, 47, 3654. 
 
[59]  A. R. Berens, H. B. Hopfenberg, J. Memb. Sci. 1982, 10, 283. 
 
[60]  Q. Peng, Y. C. Tseng, Y. Long, A. U. Mane, S. DiDona, S. B. Darling, J. W. Elam, 
Langmuir 2017, 33, 13214. 
 
[61]  C. Z. Leng, M. D. Losego, Phys. Chem. Chem. Phys. 2018, 20, 21506. 
 
[62]  D. Antonioli, V. Gianotti, K. Sparnacci, M. Laus, M. Clericuzio, J. Giammaria, M. 
Perego, Mol. Syst. Des. Eng. 2017, 2, 581. 
 
  
23 
 
[63]  M. Ceresoli, F. Ferrarese Lupi, G. Seguini, K. Sparnacci, V. Gianotti, D. Antonioli, M. 
Laus, L. Boarino, M. Perego, Nanotechnology 2014, 25, 275601. 
 
[64]  M. Ceresoli, M. Palermo, F. Ferrarese Lupi, G. Seguini, M. Perego, G. Zuccheri, S. D. 
Phadatare, D. Antonioli, V. Gianotti, K. Sparnacci, M. Laus, Nanotechnology 2015, 26, 
415603. 
 
[65]  J. A. Woollam Co., Inc., 645 M Street, suite 102, Lincoln, NE 68508- 2243 (USA), 
https://www.jawoollam.com. 
 
[66]  H. G. Tompkins, E. A. Irene, Handbook of Ellissometry; Springer Berlin Heidelberg, 
2005. 
 
 
 
 
 
  
24 
 
Figure 1. (a) Thickness of Al2O3 layer grown by 10 cycles of infiltration of ~55 nm thick P(S-
r-MMA), PMMA, and PS samples as a function of xMMA. Alumina thickness grows linearly 
with MMA unit fraction. (b) Initial thickness of polymer films. 
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Figure 2. Refractive index n (red triangle dots) and porosity (blue squared dots) of alumina 
layer grown from SIS in 55 nm thick samples as function of xMMA.  Refractive index and 
porosity values do not depend on MMA unit fraction; only in the case of PS, alumina film has 
a completely different value for n and porosity. 
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Figure 3.  FE-SEM images of alumina films resulting from 10-SIS-cycle TMA/H2O SIS 
process in 55 nm thick PMMA (a), P(S-r-MMA) (xMMA=0.40) (b), and PS (c) after removal 
of polymer matrix in O2 plasma. 
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Figure 4. Thickness of the Al2O3 layers resulting from infiltration of PS, PMMA (a) and P(S-
r-MMA) (b) samples as a function of polymer initial thickness. (c) Al2O3 to polymer thickness 
ratio obtained as slope of linear fits in (a) and (b) as a function of xMMA within the film. Pink 
triangle dot is the slope of linear fit for PS. 
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Figure 5. In-situ SE measured thickness variation of 100 and 55 nm thick films of P(S-r-MMA) 
RCPs during the first SIS cycle. The dashed line on the left defines the TMA exposure phase 
while the dashed line on the right marks the injection of H2O in the chamber. 
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Figure 6. ࢿ(࢚) ࢿ࢓ࢇ࢞⁄  during the 1st TMA exposure phase as a function of √࢚ ࢎ૙⁄  for 55 and 
100 nm thick P(S-r-MMA) samples with all investigated compositions. Data for PMMA films 
are also reported.  
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Figure 7.  In-diffusion coefficients of TMA at 90°C in 100 and 55 nm thick P(S-r-MMA) RCP 
films as a function of xMMA. 
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Figure 8. Concentration ratio as function of xMMA calculated with the diffusion coefficients 
reported in Fig. 7 for 60 sec of exposure to TMA vapor.  
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Figure 9.  ࢿ(࢚) ࢿ࢓ࢇ࢞⁄  during the 1st TMA exposure phase as a function of √࢚ ࢎ૙⁄  for PS 
samples. In the inset: thickness variation of PS films during first cycle of TMA exposure and 
purge. 
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Figure 10. In-situ SE measured thickness of 55 nm thick P(S-r-MMA) samples during the 1st 
TMA purging phase. The dashed line divides the TMA exposure phase and the TMA purging 
phase. An exponential model is used to fit the data to extract the de-swelling time constants (τ). 
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Figure 11. Desorption time constant (τ) as a function of MMA fraction present in infiltrated 
films calculated for samples of 55 nm. It seems to be independent from the MMA fraction 
within the polymeric film. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
35 
 
 
 
 
 
 
Figure 12. Thickness increase at peak (h1), before (h2) and after (h3) H2O injection, during the 
first SIS cycle of 55 nm thick samples as a function of MMA fraction. The 55 nm thick case 
presents a linear growth with the MMA fraction within the polymer films.  
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Table 1. Molar Mass (Mn), Polydispersity Index (Đ), volume fraction of MMA units (%) and 
fraction of MMA units (xMMA) of PS, PMMA and P(S-r-MMA) RCPs. 
 
Polymer % MMA 
Mn 
(g·mol-1) Đ xMMA 
PS 0 13000 1.10 0 
P(S-r-MMA) 12 11600 1.19 0.12 
P(S-r-MMA) 20 10600 1.18 0.21 
P(S-r-MMA) 30 12300 1.32 0.31 
P(S-r-MMA) 39 14200 1.25 0.40 
P(S-r-MMA) 55 14800 1.52 0.56 
P(S-r-MMA) 68 12500 1.27 0.69 
P(S-r-MMA) 77 13100 1.36 0.78 
PMMA 100 14000 1.21 1 
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Effect of the Density of Reactive Sites in P(S-r-MMA) Film During Al2O3 Growth by 
Sequential Infiltration Synthesis 
Federica E. Caligiore, Daniele Nazzari, Elena Cianci*, Katia Sparnacci, Michele Laus, Michele 
Perego*, Gabriele Seguini. 
Keyword In situ dynamic spectroscopic ellipsometry, Sequential Infiltration Synthesis (SIS), 
PMMA, PS, P(S-r-MMA), Al2O3 
 
The amount of alumina grown in the P(S-r-MMA) films by sequential infiltration synthesis was 
analyzed by spectroscopic ellipsometry and it depends on MMA content within random 
copolymer films. A relatively low concentration of MMA in the copolymer matrix is enough to 
guarantee the volumetric growth of alumina in the polymer film. 
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